Abstract-'The shocks developed in a plane layer of ideal gas when it is driven by a two-step pressure pulse are studied. An explicit anaiytical expression of the Lagrangian distribution of entropy is found.
CENTRAL IGNITION and propagating burn is an essential feature in target design for inertial confinement fusion. An important problem in single-shell targets driven by heavy ion beams (see fOr instance, TAIIIR and LOKG, 1987 , and references quoted therein) is to drive the innermost part of the fuel to a higher specific entropy than the rest.
This kind of entropy distribution can he achieved by superimposing shock waves driven by a step power or a two-step power pulse. In the latter case the first shock is generated by a low power prepulse and the second by a higher power main pulse. Optimum spark formation may be controlled by setting the prepulse pressure and the delay time of the main pulse into correct proportions, for a given main pressure pulse.
Several authors have studied this problem by using numerical simulations (TAHIR and LONG, 1983, 1987 ; METZLER and MEYER-TER-VEHN, 1984 ; MEYER-TER-VEHK, 1985) . In this Letter we study analytically the hydrodynamic evolution of a plane layer of ideal gas driven by a two-step pressure function. This description is highly idealized, but it provides physical insight into the form of entropy distribution after the shock passes. We obtain an explicit expression for the Lagrangian distribution of entropy as a function of the prepulse pressure and the delay time of the main pulse, and compare it with the distribution achieved when the slab is driven by a single step function.
. D E S C R I P T I O N O F T H E P R O B L E M
Let us consider a plane layer of ideal gas (thickness Lo, density p o , and negligible initial pressure) driven from the left toward the vacuum by a piston from x = 0 at t = 0. The pressure applied by the piston is equal to p in the interval 0 d t d T, and equal to p2 (greater than p l ) for t 3 T. The magnitudes involved in the problem are conveniently expressed in units of Lo, pO, p o and the time L 0 ( p o / p 2 ) " 2 .
The piston first generates a strong shock wave which arrives at the free surface x = 1 at t l = [2/(y+ 1)p1]"2 = 0 . 8 6 6~; "~. The numerical values will always correspond to the adiabatic exponent y = 5/3. At that time through all the gas, the * Fellow of the Consejo Nacional de Investigaciones Cientificas y Tenicas (CONICET), Argentina 1951 pressure is equal to p i , the velocity is u1 = [2pl/(l/+ l)]' = 0 . 8 6 6~; 2 , the density is
, and the slab thickness has reduced to L 1 = l / p l = 0.25.
For t > t l a rarefaction wave relaxes the shock-compressed layer. On the other hand, the pressure at the piston changes from p i to 1 at t = T generating a second shock. This shock propagates with constant intensity in the gas compressed by the first shock until it interacts with the rarefaction wave at t = t 2 3 T. As both shocks are strong, and the head of the rarefaction wave is sonic this time t 2 is easily calculated as
where c 1 = ( y p 1 / p l ) is the sound speed in the gas compressed by the first shock and
" is the velocity of the second shock with respect to the gas ahead. In the interval T 6 t 6 t2, the intensity of the second shock is given by the Mach number M 2 = Vjc, >> 1. The mass afTecied by this shock is
. E V O L U T I O N O F T H E SECOND SHOCK
For t > t 2 , the shock wave propagates through the rarefaction flow. The evolution of the shock can be described by the approximate method CCW (CHESTER, 1954; CHISNELL, 1957 ; WHITHAM, 1958) which has been successfully used for convergent spherical and cylindrical shocks (WHITHAM, 1974) , for plane shocks in variable section tubes (WHITHAM, 1958) and for stratified media (YOUSAF, 1982) . Recently, we used this method for the case without prepulse (DIEZ and THOMAS, 1989 (LANDAU and LIFSHITS, 1959) , where X is the shock position. Hence, where we have defined z = ( t -t i ) / ( t 2 -t , ) . From equations (3) and (6), we obtain
This expression displays the well-known fact that the intensity of a shock increases as it propagates in a medium of decreasing density and tends to infinity when the density tends to zero (SAKURAI, 1960; MEYER-TER-VEHN, 1985) . In this case M becomes infinite when the shock arrives at the gas-vacuum interface. From equation (7), the arrival time is
The Lagrangian coordinate of an element of fluid may be conveniently defined as the mass m between the piston and the element, that is where x,(t) is the position of the gas-vacuum interface and p(x, t ) is the density profile of the rarefaction wave.
Integrating
equation (9),
The variable z can be eliminated from equations (6) and (lo), and then from
By using the strong shock jump conditions the entropy function 5' = p/p' is given by y -1 "2yp,
where S has been expressed in units of the entropy produced by a single step with the main pulse pressure (without prepulse), in order to compare both cases. Thus, from equations (12) and (13) we obtain Note that the delay time plays a role in the determination of S only through m2, as different values of T only modify time t 2 . In fact, changing the scale of abscissa in the region of variable entropy in such a way that the Lagrangian coordinate m' [ = (m -m2)/(l -nz2)] always go from 0 to 1, the same profile S(nz') is obtained, for any T. This is a direct consequence of the self-similarity of the rarefaction wave.
The Lagrangian distribution of entropy depends on p 1 not only explicitly but also through M 2 and m2. The pressure y I takes part in the calculation of m2 because t 2 depends on both the first shock and the head of the rarefaction wave velocities. If we concentrate on the region of variable entropy and represent S as a function of m' we can see that S(m') does not depend on p , for strong shocks ( M 2 >> 1 as it is usually in the case of ICF experiments).
Therefore, we have a single curve for S(m') whatever the values of the delay time Tand the prepulse pressurep,, provided this is much less than the main pulse pressure.
In Fig. 1 we plot the entropy distributions corresponding t o p l = 0.01 for different values of T, and the same curve for the case without prepulse, as obtained in a previous paper (DIEZ an3 THOMAS, 1989) . These curves are in a good agreement with numerical simulations from our finite difference Lagrangian code.
It is worth noting that when a single box pulse is applied, the entropy distribution can be obtained from equation (14) by puttingp, = 1, m7 = m, (where m, corresponds to the second shock formation. being m, = 0.18 for y = 513, see DIEZ and THOMAS, 1989) . Then if we take a delay time T such that the main shock reaches the rarefaction flow at m 1= m,, we obtain almost the same curve S(m) obtained without prepulse but with smaller values o f S in a factor [e) + l)/(r -1>];. The advantage of using a prepulse is that the width of the variable entropy region can be modified by properly choosing the values of p1 and T.
Numerical simulations (METZLER and MEYER-TER-VEHN, 1984) show that about the same results are obtained without a prepulse for a spherical shell, as long as the aspect ratio R/AR i3 larger than 10, where R is the external radius and AR is shell width. On the other hand, it is easy to see that similar results are obtained in plane or spherical symmetry with a prepulse for T N t l and p1 << 1, because the second shock is strong from the beginning and it quickly reaches the gas-vacuum interface, much before the void closure.
. C O N C L U S I O N
We have obtained an approximate explicit analytic expression for the Lagrangian distribution of entropy in a gaseous slab driven by a two-step pressure pulse. We have shown that this distribution in the region of variable entropy can be represented by a single curve which depends neither on the time T belween the two-step functions, nor on the prepulse pressure provided that this is much less than the main pulse pressure. However, the mass fraction of variable entropy depends on both parameters. This distribution is compared with the one obtained by using a single step pressure pulse.
